Abstract. In this paper, we give some definitions and conclusions in dislocated quasimetric spaces. Also, we establish two fixed point theorems for multivalued mappings in these spaces.
Introduction
Over the last 50 years or so, the theory of fixed points has been revealed as a very powerful and important tool in the study of nonlinear phenomena. In particular, fixed point techniques have been applied in such diverse fields as Computer Science, Approximation Theory and Applied Mathematics (see, e.g., [6, 7, 9, 11, 13] ). Results on multivalued functions have appeared in [1] . Therefore, several results on fixed points of contractive type multivalued functions have been carried out by some authors (see, for example, [2] [3] [4] [5] 12] ).
We use the same notations as in Waszkiewicz [15] . Let X be a nonempty set, a function d : X × X → [0, ∞) is called distance on X. The pair (X, d) is called a distance space. We need the following conditions: It is clear that any partial metric is d-metric and any d-metric is dqmetric.
[9, p. 38] Let F : X → 2 X be a multivalued mapping defined on q-metric space (X, d). F is said to be continuous if lim n→∞ x n+1 ∈ F (lim n→∞ x n ) for every Cauchy sequence (x n ) in X, x n+1 ∈ F (x n ) ∀n ∈ N ∪ {0} (N := the set of all positive integers).
for all x, y ∈ X, where H is the Hausdorff metric defined below. Suppose that F is a multivalued function on A, A is closed and F (x) is closed for all x ∈ A. If F is generalized k-contraction, then F has a fixed point.
The present paper is organized as follows. In Section 2, we give some definitions and conclusions in dq-metric spaces. In Section 3, two fixed point theorems for multivalued mappings in dq-metric spaces are established. Section 4 deals with some remarks on our results and Theorems 1.1 and 1.2. Finally, the results in this paper and its applicable fields are summarized in Section 5.
Some definitions and conclusions in dq-metric spaces
In this section, we give some definitions and conclusions in dq-metric spaces.
Definition 2.1. Let (X, d) be a dq-metric space and A ⊆ X.
(1) The dq-closure of A is denoted and defined by
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In this case x is called a limit of the sequence (x n ) and we write lim n→∞ x n = x.
) is said to be a complete dq-metric space if every Cauchy sequence in X converges to a point in X.
Definition 2.5. Let F : X → 2 X be a multivalued mapping defined on a dq-metric space (X, d). F is said to be continuous if lim n→∞ x n+1 ∈ F (lim n→∞ x n ) for every Cauchy sequence (x n ) in X, x n+1 ∈ F (x n )∀n ∈ N ∪ {0}.
Theorem 2.1. Let (X, d) be a dq-metric space. Then every convergent sequence in X is Cauchy.
It is obvious that the converse of Theorem 2.1 may not be true.
Theorem 2.2. Let (X, d) be a dq-metric space. If (x n ) is a sequence in X converging to x ∈ X, then every subsequence of (x n ) converges to x.
It is clear that the converse of Theorem 2.2 may not be true.
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In this section, we apply the results in previous section to obtain two fixed point theorems for multivalued mappings in dq-metric spaces.
Theorem 3.1. Let A be a complete subspace of a dq-metric space (X, d). Suppose that F is continuous multivalued function on A such that F (x) is dq-closed for all x ∈ A. If F is generalized k-contraction, then F has a fixed point.
Proof. Choose a k 0 ∈ (0, 1) and an element x 0 ∈ A. If there is no element x 1 ) . By repeating this process one can construct a sequence (x n ) such that x n+1 ∈ F (x n ) and d(x n , x n+1 ) < k n 0 d(x 0 , x 1 ) for all n ∈ N ∪ {0}. Let m, n ∈ N such that m = n + r where r ∈ N ∪ {0}. Then we obtain that
Cauchy sequence in A. Since A is a complete subspace of X, then (x n ) has a limit u ∈ A. So, we have from Theorem 2.2 that the subsequence (x n+1 ) of (x n ) has the same limit u. By the continuity of F, we obtain that u ∈ F (u).
The following example shows that the continuity assumption in Theorem 3.1 is essential. 
) is a dq-metric space but it is not a metric space. Since the Cauchy sequences are the sequences for which a finite number of terms is 0 or 1 or both, then these sequences are convergent to 0 and 1. So, the space
for all x ∈ A. We find that F is generalized k-contraction. Note that F has no fixed points.
In Theorem 3.1, if the mapping F is replaced by F α , α ∈ Λ, where Λ is an index set, we state the following theorem without proof. Theorem 3.2. Let A be a complete subspace of a dq-metric space (X, d). Suppose that F α , α ∈ Λ, is continuous multivalued function on A such that F α (x) is dq-closed for all x ∈ A and for each α ∈ Λ. If F α is generalized k-contraction for all α ∈ Λ, then F α has a fixed point in A for each α ∈ Λ.
Remarks
We note that Theorem 3.1 extends Theorem 1.1 to multivalued functions. Also, Theorem 3.1 is a generalization of Theorem 1.2 to dq-metric spaces without the closedness of A. Now, we list some remarks on our results as follows.
(1) Rutten introduced an example to illustrate that there exists a contraction from a q-metric space into itself which is not continuous (see, [14, p. 359] ). So, the continuity assumption of F in Theorems 3.1 and 3.2 is essential.
then the conclusion of Theorem 3.1 remains valid. This result is considered as a special case of Theorem 3.1 because
Next, if we replace F by F α ∀α ∈ Λ, in the inequality (1), then the conclusion of Theorem 3.2 is satisfied too. In this case, the deduced result becomes a special case of Theorem 3.2. (3) Since a partial metric is a d-metric and a d-metric is a dq-metric, then Theorems 3.1 and 3.2 hold in partial metric and d-metric spaces.
Conclusion
In this paper, we considered the fixed point theorems for multivalued functions in dq-metric spaces. In recent years, it became well known that the study of fixed point theorems for multivalued functions in metric spaces is lagging behind, while almost all of the work was done for fixed point theorems of single-valued functions in metric spaces. In Theorems 3.1 and 3.2, by using the continuity assumption of multivalued functions, we obtained the results that extend and generalize Theorems 1.1 and 1.2 to multivalued functions without the closedness of the domain of these functions, and dq-metric spaces, respectively. In view of Hitzler [9] , the multivalued version of generalized Banach contraction theorem have applied in the area of logic programming semantics. So, Theorems 3.1 and 3.2 are applicable in theoretical computer science and many fields in applied mathematics.
